The role of vegetable and fruit consumption in the aetiology of kidney cancer was analyzed using data from a case-control study conducted in two centres in the Czech Republic between 1999 and 2003. The study comprised 300 patients with newly diagnosed, histologically confirmed kidney cancer and 335 controls. Information on dietary habits was obtained using a standardized food frequency questionnaire including 23 food items. Odds ratios (ORs) and 95% confidence intervals were calculated using logistic regression models. A strong protective effect of vegetables consumption on renal cell carcinoma risk was observed among people with high consumption of fresh vegetables (OR 0.42 95% CI (0.29-0.60)) and cooked vegetables (OR 0.71, 95% CI (0.51-1.00)). The protective role of fresh fruit was significant as crude OR 0.71, 95% CI (0.50-1.00), but after adjusting for the main risk factors no association was found (OR 1.08, 95% CI (0.71-1.64)). The protective role of pickled vegetables disappeared after adjustment for the main risk factors.
Introduction
Kidney cancer is one of the most frequent tumours in the Czech Republic and in the world. The world's highest incidence of and mortality from kidney cancer is in the Czech Republic. In 2008 in the Czech Republic, kidney cancer incidence was 2,840 and mortality was 1,067. The peak incidence in males is in the age group of 65-69 years and in females between 70 and 74 years. The male to female ratio is 1.8-2 : 1 [1, 2] .
The main risk factors for kidney cancer are smoking, hypertension, hereditary predisposition and obesity [3] . Dietary patterns have been thought to account for about 30% of cancers in Western countries [4] , making diet a preventable cause of cancer [5] .
A possible link between renal cell carcinoma (RCC), the major histological type of kidney cancer, and diet has been suggested based on a number of studies [6] [7] [8] . However, epidemiological evidence of the relation between RCC and nutrition remains limited and unclear [7] [8] [9] [10] [11] [12] . In many studies, it has been hypothesized, that vegetables and fruit decrease kidney cancer risk [7] [8] [9] [10] [11] , but the results are not consistent across the studies [12] . The aim of the presented study was to find whether vegetable and fruit consumption decrease the risk of kidney cancer. The study focused on fruit and vegetable consumption and the types of their culinary preparation. This article provides further insight into the relation between RCC and vegetable and fruit consumption using data from a hospital-based case-control study conducted in the Czech Republic.
Materials and methods

Study population
The study was carried out as a part of a multicentre study led by the International Agency for Research on Cancer (IARC) in Lyon and performed in seven centres in European countries including the Czech Republic to elucidate the relationship between lifestyle and its risks and health disorders. The hospital-based analytical observational case-control study was designed to determine selected lifestyle factors in a group of patients newly diagnosed with kidney cancer (ICD-O-2 code C64) and a control group of the same size. The study was approved by the Research Ethics Committee of the University Hospital and Palacky University Olomouc and informed consent was obtained from all participants before participating in the study. The study was performed from August 1999 through January 2003. The response rates were 90-98.6% for cases and 90.3-96.1% for controls. The group enrolled in the presented study comprised 635 subjects of which 300 were kidney cancer cases and 335 were controls from the University Hospital Olomouc and České Budějovice Hospital.
All cases had at least one matched control. Eligible controls were patients admitted to the same hospital as cases. Both cases and controls had to be residents of the same area. The controls were recruited within 3 months from the diagnosis made in kidney cancer patients. The inclusion criteria for the control group was age (± 3 years), gender, health status, with the condition that the subjects had no malignancies, were hospitalized for reasons unrelated to the studied disease and had no other life threatening diseases. Controls were selected from the following hospital departments: Department of Dermatology and Venereology (psoriasis, atopic dermatitis), Otolaryngology (hypoacusis, inflammatory diseases), Orthopedy (states after injuries), Neurology (vertebral syndrome), Department of Rehabilitation and Sport Medicine. No single disease made up more than 20% of the control group.
Each case or control was interviewed using a standardized questionnaire to obtain information about the individual's smoking status, family history of cancer in first-degree relatives (parents, offspring, siblings), height and weight, hypertension and its therapy, alcohol consumption, dietary habits and demographic characteristics. The interview was conducted by a trained interviewer.
The average age of kidney cancer cases was 60.2 years (range 26-83 years, standard deviation of 10.1). The case group comprised 184 males and 116 females. The average age of females was 62 years (26-83 years). The males were 59 years of age on average (32-79 years). The average age of controls was 60.8 years (range of 27-82 years, standard deviation of 9.9). The control group was made up of 220 males and 115 females. In female controls, the average age was 61 years (27-79 years). The average age of male controls was 60 years (31-82 years). The male to female ratio in the presented study was 1.5 : 1.
The majority of kidney cancer cases in the study were clear cell renal cell carcinoma, accounting for 82%.
Measurements
Information on dietary habits was obtained using a standardized demographic, lifestyle and food frequency questionnaire (FFQ). The questionnaire included information on age, education and others socio-demographic characteristics, anthropometric measurements, lifestyle habits such as smoking, alcohol drinking, nutrition and history of selected diseases. The FFQ included 23 food groups divided into sections according to the frequency of average consumption 1 year prior inclusion into the study and prior to political and market changes in 1989. Because no differences in vegetable and fruit consumption were found, for analysis was chosen only average consumption 1 year prior inclusion into the study.
The interview was conducted by trained interviewer using a validated FFQ in hospital settings, so that the comparability of recall bias between cases and controls was improved. Neither cases nor controls reported to follow any difference in nutrition compared to common population. Because no single disease made up more than 20% of the control group, results are not likely to be influenced by nutritional changes related to health status of the controls.
Statistical methods
Odds ratios (ORs) and 95% confidence intervals were calculated using logistic regression models. The logistic regression models were adjusted for the main risk factors (sex, age, BMI, hypertension, hereditary predisposition, education, consumption of vegetables and fruit) to control potential confounders.
Each food item was classified into one of six categories according to the frequency of consumption: never (0), less than once a month (1), less than once a week (2), 1-2 times a week (3), 3-5 times a week (4), daily (5); low consumption (0-2), high consumption (3) (4) (5) .
The vegetable and fruit categories and consumption frequencies were combined because of a lack of adequate cell counts. The groups analyzed were: fresh vegetables, cooked vegetables, preserved (pickled) vegetables and fresh fruit. Consumption was categorized as high frequency and low frequency (counts showed in Table 2 ). One portion was 1 piece or approximately 100 grams. The reference group was the lowest frequency. P-value of 0.05 was used as the cut-off point for declaring a result statistically significant. All statistical analyses were performed using the STATA version 10 software.
Results
The distribution of 300 cases and 335 controls according to selected demographic characteristics of the study population are showed in Table 1 .
The effect of vegetable and fruit consumption and its impact on kidney cancer risk were studied. The cases and controls did not differ significantly with respect to age and sex. However, they had significantly higher BMI, more often family member affected by cancer and more often reported to have hypertension. Because of these findings, subsequent adjusted models were controlled for age, sex, number of cigarettes, self-reported hypertension, BMI, hereditary predisposition to cancer, education, and consumption of vegetable and fruit.
Vegetable and fruit consumption was classified into groups according to the number of portions per week.
The comparison of vegetables and fruits consumption in cases and controls was calculated as crude and adjusted OR. Three models of logistic regression were used to control potential confounders. Model A strong protective effect of vegetables consumption on renal cell carcinoma risk was observed among people with high consumption of fresh vegetables (OR 0.42 95% CI (0.29-0.60)) and cooked vegetables (OR 0.71, 95% CI (0.51-1.00)). The protective role of fresh fruit was significant as crude OR 0.71, 95% CI (0.50-1.00), but after adjusting for the main risk factors (cooked vegetables, fresh vegetables, preserved (pickled) vegetables, age, sex, smoking, hypertension, BMI, hereditary predisposition, education) no association was found (OR 1.08, 95% CI (0.71-1.64)). The protective role of pickled vegetables in crude OR 0.73, 95% CI (0.53-0.997) disappeared after adjustment for the main risk factors (OR 0.97, 95% CI (0.68-1.37).
Discussion
A strong protective effect of vegetables consumption on renal cell carcinoma risk was observed among people with high consumption of fresh vegetables and cooked vegetables. The protective role of fresh fruit was significant as crude OR, but after adjusting for the main risk factors no association was found. The protective role of pickled vegetables disappeared after adjustment for the main risk factors.
Dietary patterns and cancer rates vary in different populations around the world. The association between vegetable and fruit consumption and the risk for developing cancer was studied [5] .
Our hospital-based case-control study focused on the impact of vegetable and fruit consumption on kidney cancer risk.
Detailed analyses of the database were performed earlier [9] . The main risk factors associated with kidney cancer risk are hypertension and hereditary predisposition [13] . The recent analysis was adjusted to these significant factors.
The results showed protective effects of fresh vegetable and cooked vegetable consumption on kidney cancer. The effects of fruit and pickled vegetable consumption were inconsistent. Significant protective effect were only shown for crude OR and after adjusting for age and sex. When fruit and pickled vegetable consumption was adjusted for other factors, the results became insignificant. This may prove that the protective effect of fresh and cooked vegetables is much stronger than that of fruit. The protective effect of a diet rich in vegetables was confirmed in concordance with previous studies [14, 15] .
Our findings are strengthened by the large dataset used and the nearly complete participation. The limitations are the hospital setting which do not fully correspond to the general population (a higher number of smokers, obesity, comorbidities) and questionnaire use (self-reported values). Much effort was made to exclude all diagnoses potentially associated with or determining urological or cancer diagnoses. The comparability of recall bias between cases and controls was improved by interviewing all subjects in the hospital setting and the use of a validated FFQ by a trained interviewer.
Conclusions
Nutrition provides both protective and harmful factors. Nutrition exposure is lifetime, often fixed to specific pattern and learned in families. The amount of vegetables and fruit consumed in the Czech Republic is lower than recommended by the World Health Organization. The variability reflects socio-economic and educational differences. The risk of kidney cancer is often masked by other factors, such as obesity or occupational exposure. The protective impact of vegetable and fruit consumption on kidney cancer risk was found in Czech population.
